With an elevator installed in a 90-meter tall Sequoiadendron to collect the samples, xylem pressure potential measurements were made approximately every 15 meters along 60 meters of the tree's height. The measured gradient was about -0.8 bar per 10 meters of height, i.e., less than the hydrostatic gradient. Correction of the xylem pressure potential data by calibration against a thermocouple psychrometer confirmed this result. Similar gradients are described in the literature in tall conifers at times of low transpiration, although a different sampling teehnique was used. If the data in the present study and those supporting it are typical, they imply a re-evaluation of either the use of the pressure chamber to estimate water potential or the present theories describing water transport in tail trees. measurements at each sample position, with maxima and minima bracketed, are represented in Figure 1A . Along with these data is a line indicating the hydrostatic gradient.
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The observed gradient in xylem pressure potential (about -0.8 bars per 10 m) is not as steep as the hydrostatic gradient. However, errors involved in the pressure chamber method of .r .
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If the vascular system of a vertical plant stem acts like a series of long tubes, one might expect the water in it to show a hydrostatic gradient in its water potential (about 1.0 bar decrease per 10 m of height). Scholander et al. (7) showed this to be true in a leafless grapevine. In a plant with leaves, the water column is usually under tension, but nevertheless a static column should still show a hydrostatic gradient if the tube model is applicable. The existence of resistance to water flow through the xylem suggests that a gradient greater than hydrostatic should exist in an actively transpiring plant. However, in Sequoia sempervirens (D. Don) Endl. and Pseudotsuga menziesii (Mirb.) Franco., Scholander (6) found indications that water potential gradients approximated a pure hydrostatic gradient, even at midday.
The rigging of an elevator in a 90-m Sequoiadendron giganteum (Lindl.) Buchh. in Kings Canyon National Park, California, allowed for the first time the rapid and replicate measurement of water potentials at known heights to the top of a tall tree. A Scholander-type pressure chamber (8) was carried aloft and readings of xylem pressure potential were taken on small, shaded twigs growing not more than 2 m from the bole of the tree. All samples were collected between 1300 and 1500 hr when Sequoiadendron was found to have a plateau in its diurnal cycle of xylem pressure potential. Not more than 1 min elapsed between the time of cutting the twig and sealing it inside the pressure chamber for any sample. The measurements were made on an overcast day with a relative humidity of about 70% and temperatures of 11 to 13 C at different sampling elevations. The means of three or four replicate estimating water potential dictate that these raw data must be corrected for the wood anatomy of the species tested.
Both Kaufmann (4) and Boyer (3) have warned that spaces within the pith and stele that were empty before the sample was cut from the plant can be filled when water is pressed from the leaf in the pressure chamber. This causes an underestimate of water potential (overestimate of stress). Since the anatomy of every species is different, the xylem pressure potential data from each species should be calibrated against known water potentials. To accomplish this for Sequoiadendron, potted greenhouse seedlings were allowed to dry to varying degrees. Small branches were tested in the pressure chamber, and needles sampled along the length of the tested branch were quickly sealed in a psychrometer chamber. Water potentials were obtained by a Richards and Ogata-type thermocouple psychrometer (5) and the readings were corrected for heat respiration (1) and diffusion resistance (2). The latter was estimated at 10%, the average of the data from the three coniferous species published by Kaufmann (4) . Figure 2 represents the calibration curve for the greenhouse-grown Sequoiadendron seedlings.
When the observed data (Fig. IA) are corrected according to the calibration curve (Fig. 2) , the water potential gradient may be plotted (Fig. 1B) . The discrepancy between the water potential gradient and the hydrostatic gradient is even greater than the discrepancy between the xylem pressure potential and the hydrostatic gradients (Fig. 1A) .
Transpiration data were not taken during this study, so the status of the water flux is not known, but the overcast conditions, low temperatures, and high relative humidity on the day of the measurements indicate that transpiration was probably minimal, if occurring at all. If the water column were moving, one would expect a water potential gradient much greater than the hydrostatic gradient because of the xylem resistance.
Although all of the applicable corrections of the raw pressure chamber data have been employed, the observed water potential gradient in this tree still appears to be less than the hydrostatic gradient. A possible explanation could be that the calibration curve (Fig. 2) is inaccurate. The greenhouse-grown seedlings used for calibration purposes may not be comparable to twigs grown in the field. However. Figure 2 agrees with other calibration curves (3, 4) in that the discrepancy between the xylem pressure potential and the water potential data increases as the water potential decreases.
At this time the authors know of no way in which a continuous column of water can be maintained in a tree at a pressure gradient less than the hydrostatic gradient. A closer look at the data of Scholander et al. (6) , however, suggests that they also showed gradients in tall trees which were consistently less than the hydrostatic gradient. Although they were limited in the number of sample points and the number of replications by their sampling technique (twigs were shot down with a rifle), their Figure 6 (6) shows less-than-hydrostatic gradients in both trees of Pseudotsuga, except at the times of the day when transpiration rates would be maximal. The relative humidity of 39% (temperature data were not given) and the large differences in xylem pressure potential between dawn and midday suggest that these trees were, indeed, transpiring at midday. Therefore, their water columns were moving and still the measured gradient approximated the hydrostatic gradient. Scholander et al. (6) comment on this: "One would have expected, especially during the midday transpiration, that the pressure drop would be greater than the height difference."
It appears, then, that two independent studies suggest that tall coniferous trees, at periods of low transpiration, contain water columns which show a less-than-hydrostatic gradient. Two explanations are possible for this phenomenon. Either there is some heretofore undescribed problem with the use of the pressure chamber for estimating potential, or, if these studies are actually measuring the true water potential gradients in these trees, there must be a re-evaluation of the cohesion-tension theory of water transport in tall trees.
